INTRODUCTION
The contribution of cereals to the total dietary intake of cesium-137 in Japan was estimated up to 40 4% in [1960] [1961] and approximately 80%, of cereals consumed by Japanese is the polished rice'). This is one of the reasons why rice has been taken up as an important monitor material. Another reason lies in the fact that in Japan rice is harvested once a year, in autumn, and consequently, the daily contribution by rice remains constant throughout the year beginning November December when the consumption of the new crops begins.
The body burden of cesium-137 in a population in the near future would be assessed on the basis of estimates on the level of this radionuclide in the total diet. The first step of estimation should be done on rice which contributes a constant intake throughout the year, the second being that on seasonal crops such as leafy vegetables and milk.
In order to find out the factor to determine the level in rice of cesium-137 in relation to the fallout rate, the cumulative ground deposit or other variables , the observed data since 1959 have been analyzed . The results of analyses are sum marized in the present report. The methods of sample treatment prior to the analysis of cesium-137 were reported previously by one of the present authors (Kodaira , 1964) 2). The soil samples were collected at each of the flooded rice field from the plowlayer , air dried and passed through a 2-mm sieve prior to extraction and analysis . The sampling to the depth of 16 cm of paddy soil collects more than 90 % of the total cesium-137 which is present to the depth of 26 cm from the surface, as shown in Tab. 1, while in an undisturbed soil profile cesium-137 is concentrated more in the upper 0-2 cm layer.
In general, the rice containing more than 50 pc of cesium-137 per killogram and the total cesium-137 in the soil were analyzed by use of a r-spectrometric technique described in a previous paper (Yamagata and Iwashima , 1964) 3) The rice containing smaller quantity of cesium-137 and the N-ammonium acetate extract of soil were analyzed with a radiochemical method followed by p-counting (Me dipicrylaminate-chloroplatinate method 4)). The hydrochloric acid extract of soil was analyzed for cesium-137 by the combined ammonium molybdophosphate-dipi crylaminate-chloroplatinate method, since the extract contained a bulk quantity of iron and aluminum5>.
The methods for extraction with hydrochloric acid and N-ammonium acetate of soil are described in Appendices I and II. The results are summarized in Tab. 3. The plot of the level in rice on the ordinate and the N-ammonium acetate extractable cesium-137 on the absci ssa showed no simple linearity.
There was also no linearity between the nation wide averages.
The next step of analysis of the relationship was done by grouping geographical ly the sampling sites in view of agricultural and climatological conditions. A chara cteristic pattern is known in this country for the fallout deposition rate or radio activities in some crops, i. e., higher in the northern and Japan Sea side districts and lower in the southern and Pacific side. Climatic conditions also correlate with this pattern ; for example, the northern Japan Sea side is characterized by a heavy snow-fall in winter in contrast to dry winter in the Pacific side. Table  2 The sampling sites were grouped into three as shown in Tab by soils. As will be discussed in the following section, cesium-137 introduced into soil may become fixed with the pas sage of time. Therefore, under condition of higher deposition rate, the percentage of extractable fraction becomes larger than in a lower deposition rate and this is the case in 1963 when the rate was 32.3 me/kmz (June-September) in contrast to only 1.06 me/kmz in 1961 (Fig. 1) . The method of extraction is described in Appendix 2.
The results summarized in Table 5 The northorn Japan Sea side district is characterized by the higher fallout rate and consequently the larger cumulative ground deposit. Tab. 5 also shows the largest deposition of cesium-137 in this district among those grouped into three. The amount of ammonium acetate extractable cesium-137 in soil is not a single function of the deposition as discussed before but depends on the soil character.
The higher availability of cesium-137 in the soils in the nor thern Japan Sea side district coupled with the higher deposition rate (Tab. 6) brings about the highest contamination of rice. In contrast, the low availability in the soils in the central and southern part and the low deposition rate lead to the lowest contamination with only one ex ception of Tottori Prefecture where the fallout deposition rate is rather high. The northern Pacific side district is intermediate because of the low availability in soil and higher deposition rate.
The geographical variation in the total body burden of cesium-137 in Japanese was assessed by blood analysis and the higher burdens in the northern and Japan Sea side districts and the lower ones in the southern and Pacific side were found'. The good agreement in the pattern of body burden and rice-level suggests the effect of local consumption of foodstuffs.
CONCLUSION
Attempts have been made by several workers to establish quantitative relation ships between the levels of activity in foodstuffs, on one hand, and the rate of deposition and the cumulative deposit, on the other, using equations of the type:
C=aFd+bFr where C represents an activity-level in a foodstuff, Fd the cumulative deposit, Fr the rate of fallout and a and b are proportionality factors. A lack of available data for local deposition of cesium-137 hampered the nation wide analysis of corelation between the rice-level and deposition and restricted to the consideration of Tokyo district only. Taking the cumulative deposition at the time the end of July and the rate of fallout deposition during the time period June September, the corelation analysis in Tokyo district has been made .
The result indicated quite a different relative contribution by the two pathways. It suggests that in 1960 and 1961 when the fallout rates were low, 86% of the total cesium-137 incorporated in the polished rice was via the pathway of root absorption, the remainder via the aerial absorption. In contrast, in 1963 when the deposition rate was high, 72% was contributed by the direct contamination , the remainder by root absorption. This finding for 1960 is in good agreement with the result obtained by Ichikawa et al who stated the contribution of direct contamination from fallout was 20% of the total cesium-1378>.
Cesium can be absorbed not only through roots but also through plant body surfaces such as leaves and husks and the enhanced levels of cesium-137 comparing with strontium-90 (roughly 10 times as much)2) can be interpreted by much easier translocation in the plant body of the former radionuclide. However, the pathway through root absorption should not be minimized in the case of lowland rice, in which the availability of cesium-137 from the paddy soil is considerable. portion into a one liter shaking bottle, add 400 ml each of ammonium acetate solution (1 M, pH 7) and shake for one hour, then stand overnight.
2) Filter the mixture by suction through a filter paper of loose texture by use of a Buchner funnel and wash the solid with 1.5 liter of the ammonium acetate solution .
3) Add 2 ml of cesium chloride carrier solution (Cs+ 10 mg/ml) to the combined filtrate and evaporate the solution to a small syruppy volume . 4) After cooling, cover the container with a watch glass and add 5 ml and 20 ml of conc. hydrochloric and conc. nitric acids , respectively. Remove the cover and evaporate the solution to dryness. 5) Repeat this treatment until organic materials and/or ammonium salts completely disappear.
6) Moisten the evaporation residue with hydrochloric acid (1: 1) after cooling, add 50 ml of hot water, mix well and then filter . Repeat this treatment several times and discard the insoluble residue.
Combine the filtrate and proceed with the analysis of cesium 137 by the combined dipicrylaminate-chloroplatinate method .
Appendix 2. Method of extraction of 13'Cs from soil with hydrochloric acid 1) Take 200 g of air-dried soil into a one-liter shaking bottle , add 500 ml of hydro chloric acid (1: 1) and 2 ml of the cesium chloride carrier solution , shake mechanically for one hour and then stand overnight .
2) Filter the supernatant through a filter paper of loose texture by use of a Buchner funnel.
Wash the residue with about 300 ml of 0 .1 N hydrochloric acid.
Combine the filtrate and washing.
3) Take the insoluble solid into the shaking bottle with 250 ml of water , add 250 ml of conc. hydochloric acid, shake for one hour and then stand overnight.
4) Filter and wash as in step (2) and combine the filtrate and washing with those obtained in step (2). 5) Add 2 g of ammonium molybdophosphate to the combined solution, agitate for 15 minutes and then stand for a while. 6) Discard the supernatant, filter off the solid and wash once with nitric acid (1: 100) . 7) Put the solid with filter paper into a beaker , add sodium hydroxide solution (1 N) dropwise with vigorous agitation just to the point ammonium molybdophosphate has dis solved completely. 8) Filter the solution and wash with water completely. Combine the filtrate and washings and proceed with the analysis of cesium-137 by the combined dipicrylaminate chloroplatinate method.
